Background: Although screening mammography may contribute to decreases in breast cancer mortality in a population, it may also increase the risk of false positives, anxiety, and unnecessary and costly medical procedures in individuals. We report trends in self-reported non-normal screening mammography results, lumpectomies, and breast cancer in a representative sample of California women. , the percent of California women who reported having been diagnosed with breast cancer was relatively stable. For each of the three age groups studied, the percentage of non-normal mammography results increased and the percentages of lumpectomies decreased and, for every woman reporting a diagnosis of breast cancer, three women reported a lumpectomy that turned out not to be cancer. This ratio was greater for younger women and less for older women. Conclusions: Despite relatively constant rates of breast cancer diagnosis from 2001 to 2009, the percentage of nonnormal mammography results increased and lumpectomies declined.
the biennial rate leveled off at about 70% for women 50 and older (Breen, Wagener, Brown, Davis, & Ballard-Barbash, 2001 , Breen, Gentleman, & Schiller, 2011 Brown et al., 2014 ; Centers for Disease Control and Prevention [CDC], 2012) .
The goal of screening is to find cancer before symptoms appear with few false-negative or false-positive test results (National Cancer Institute, 2013) . In this article, we use information reported by women to quantify the number of screening mammographies and follow-up procedures. We especially focus on false-positive results, because they can lead to unnecessary diagnostic evaluation, which is financially and psychologically costly (Alcusky, Philpotts, Bonafede, Clarke, & Skoufalos, 2014; Brodersen & Siersma, 2013; Pelletier et al., 2012) . A highquality cancer screening program should have few falsepositive or false-negative test results and should be able to discriminate between healthy women and women having breast cancer (National Cancer Institute, 2013) .
Recall for follow-up is the first step subsequent to nonnormal screening results. Recall rates, in combination with sensitivity and specificity, are important indicators of the accuracy and performance of a screening test, and they can vary across screening facilities and programs. To compare recall rates in the United States and the UK, a consecutive sample of screening mammograms was obtained in women aged 50 and older from 1996 to 1999 who participated in the Breast Cancer Surveillance Consortium in the United States (n ¼ 978,591) and the National Health Service Breast Cancer Screening Program in the UK (n ¼ 3.94 million). Recall rates were defined as the percentage of screening mammograms with a recommendation for further evaluation. The comparison found that cancer detection rates of both invasive and ductal carcinoma in the two countries were similar despite striking differences in recall rates. Recall rates were two to three times higher in the United States than in the U.K., and rates of open surgical biopsies were also higher in the United States (Smith-Bindman, Ballard-Barbash, Miglioretti, Patrick, & Kerlikowske, 2005) . A recent study by Alcusky et al. (2014) analyzed U.S. commercial and Medicare supplemental databases to identify women ages 40 to 75 who underwent screening mammography. The study authors reported that approximately 15% of women were recalled after mammography screening.
We know from surveys that most age-eligible women in the United States receive screening mammograms (Breen et al., 2011; CDC, 2012) . However, we do not know what proportion of those women received abnormal results, underwent additional evaluation, and were subsequently diagnosed with cancer. The California Health Interview Survey (CHIS) asked adult female respondents questions about follow-up to mammography. Using CHIS data, we examine trends in self-reported non-normal results, lumpectomies, and breast cancer diagnoses by age at screen.
Methods
We analyzed data from 2001, 2005, and 2009 CHIS. These are independent, cross-sectional surveys administered by telephone to residents of California in five languages using a multistage probability design. Telephone numbers were selected through random-digit dialing (RDD) within geographic strata. In addition, race and ethnic supplemental samples were oversampled using surname lists. The 2009 survey also included a separate RDD of cell phone numbers (Lee, Brick, Brown, & Grant, 2010) . Methodology and response rates are reported elsewhere (CHIS, 2002 (CHIS, , 2007 (CHIS, , 2011 . The CHIS is a useful data source because of its survey methodologies to culturally and linguistically adapt a population-based survey to many cultures and languages (Ponce et al., 2004) . Because of their sampling methodologies to increase robust numbers of underrepresented racial and ethnic minority groups, CHIS data are included in the annual national health care disparity reports prepared by the Agency for Healthcare Research and Quality (Agency for Healthcare Research and Quality, 2010 , 2012 Ponce et al., 2004) . The CHIS received human subjects' approval for participant recruitment and data collection from UCLA. The study was exempted from review by the Office of Human Subjects Research Protection.
Our study sample included women age 40 and over to assess the percentage who ever had a mammogram. When we analyzed the trend in non-normal mammogram results, lumpectomies, and resulting cancer outcome, we restricted our study sample to women 40 years and older who had a screening mammogram as part of a routine examination within 2 years before the interview. Exclusion criteria for this subsample included: never had a mammogram; last mammogram was more than 2 years ago; last mammogram occurred after age 40; or the mammogram was ordered because of family history or a specific breast problem. Final sample sizes are reported in Table 1 .
Variable Definitions

Mammogram outcomes
Participants were asked, "Have you ever had a mammogram?" and were dichotomized as ever or never. Participants who ever had a mammogram were asked, "How long ago did you have your most recent mammogram?" Respondents who reported a screening mammogram in the past 2 years were dichotomized as having a non-normal mammogram or not based on their responses to the question, "Have you ever had a mammogram where the results were not normal?" Women with a non-normal mammogram were asked, "Have you ever had an operation to remove a lump from your breast?" These women were dichotomized as having reported a lumpectomy or not. Women who had a lumpectomy were asked, "Did the lump turn out to be cancer?" These women were dichotomized as being diagnosed with breast cancer or not (positive biopsy).
Frequency of mammogram
Respondents whose most recent mammogram was more than 2 years ago were excluded. The remaining participants were dichotomized as most recent mammogram within the last year (annual) or most recent mammogram more than 1 year up to 2 years ago (biennial).
Age at screening
If a woman reported a mammogram within the past year, her age at screen was her age at interview. If she reported a mammogram within 1 to 2 years, 1 year was subtracted from her age at interview to compute her age at screen. Age at screen was categorized as 40 to 49, 50 to 59, 60 to 69, or 70 years and older.
Covariates
Respondents reported their race, ethnicity, highest educational degree attained, and whether female family members had been diagnosed with breast cancer. Women who reported having a family history of breast cancer (mother or sister) and a mammogram for routine screening were dichotomized as having a mother or sister with breast cancer or not. Women with a family history of breast cancer (mother or sister) were not excluded as long as they reported their mammogram was for routine screening.
Analyses
Descriptive analyses included frequencies and percentages. Confidence intervals for the percentages were calculated using the Clopper-Pearson statistic. Pairwise two-tailed t-tests were performed to test whether the percentage changed significantly between survey years or between age groups at the significance level of .05. To evaluate the change in each outcome over time, we conducted trend analysis using simple logistic regression modeling. First, we combined the cross-sectional surveys. Then we regressed each outcome on survey year. Weighted logistic regression was conducted using the replicate weight jackknife method in SAS, SUDAAN, v10.0.1. Odds ratios and confidence intervals are reported for survey year. We defined a significant trend across time if the odds ratio for survey year was greater than 1.0 and was not bound by the 95% CIs.
Analyses were weighted to the California population using the sample weights provided by CHIS. Because there were few differences between unweighted and weighted analyses, only weighted results are reported.
Percentages for women in our study are reported using two different denominators. Our first set of analyses uses the denominator of women age 40 or older who had a screening mammogram in the past 2 years and is entitled, California women 40 or older screened in the past 2 years. Our second set of analyses uses the denominator of all women age 40 or older and is entitled, California women 40 or older regardless of screening status. For each set of analyses, we report percentages of nonnormal mammogram results, percentage of lumpectomies, and the percentages of women who had cancer. These percentages * Women who responded "no" or did not respond were not included in the subsequent set of questions. For instance, women who have never had a mammogram were not asked if their mammogram was in the past 2 years. They are included in the total n for ever having a mammogram but not for having a mammogram in the past 2 years.
y For the analyses concerning trend in non-normal results, lumpectomies, and resulting cancer outcomes, the sample was restricted to these women. Frequencies for age at screen, race/ethnicity, education, and family history are reported only for this subset of women.
were calculated for four age groups of women: 40 to 49, 50 to 49, 60 to 69, and 70 years and older.
Findings Table 1 reports overall unweighted sample sizes for women aged 40 and older who participated in the CHIS interviews, who ever had a mammogram, and who had a screening mammogram in the past 2 years, as well as characteristics of the sample used in analyses. Across all survey years, more than 90% of women aged 40 or older had a mammogram in their lifetime and approximately 85% had a mammogram in the past 2 years. Approximately 80% of women screened received their most recent mammogram 1 year ago or less.
We present percentages and CIs for non-normal mammograms, lumpectomies, and resulting cancer diagnoses among California women 40 and older. The first set of results, for women who reported being screened in past 2 years, are displayed in reports estimates, standard errors and p-values for the trend analysis using logistic regressions. Figure 1 shows percentages of non-normal mammography increased over time for all age groups. Results from the regression analyses showed statistically significant increases between 2001 and 2009 for women in age groups 50 to 59, 60 to 69, and 70 years and older. For women screened aged 40 to 49, percentage of screening mammograms with non-normal results ranged from 13% to 15% across years and was significantly lower than the percentages for all other age groups. Women screened aged 70 years or older reported the second lowest rate of nonnormal results ranging from 17% to 21% across all years. These percentages were significantly higher than women screened aged 40 to 49 and significantly lower than women screened aged 50 to 59 and 60 to 69. Women screened aged 50 to 59 and 60 to 69 reported the highest rates of non-normal mammograms, from 20% to 28%; differences were not significant between the two age groups. Figure 2 shows the percentage of women reporting a lumpectomy after a non-normal result which declined between 2001 and 2009 for all age groups. The decreases were statistically significant only for screened women ages 40 to 49 and 70 years and older. Declines in percentages of lumpectomies were approximately 10% for women screened aged 40 to 49 and aged 70 and older and approximately 5% for women screened aged 50 to 69. The percentages of women reporting a lumpectomy increased with age at screen. Women screened between the ages of 40 to 49 reported significantly lower percentages of lumpectomies than all other ages, except in 2001, when the rates were * Each cell represents a unique logistic regression model conducted for each outcome variable for the specific age categories. The numbers in the cells represent the odds ratio and 95% CIs for the variable survey year in each of the models.
Non-normal Results among California Women Aged 40 or Older Who Reported Screening Mammography in the Past 2 Years
Lumpectomies
y The p value for the OR was <.05 and shows a significant trend across survey years. not statistically different from women aged 50 to 59. Women screened between the ages of 50 and 59 reported significantly lower percentages of lumpectomies than women screened between the ages of 60 and 69. Women screened at age 70 or older reported significantly higher percentages of lumpectomies than the other age groups.
Positive Biopsy Figure 3 shows that breast cancer rates were relatively stable across years, with one exception. The percentage of women whose lump turned out to be cancer significantly decreased between 2001 and 2009 only for women screened between the ages of 60 and 69. The percentage of lumps that turned out to be cancer increased with age at screen. Women who were screened between the ages of 40 and 49 and ages 50 and 59 reported similar percentages of lumps that were cancerous (8%-12%). Women screened between the ages of 60 and 69 reported significantly higher percentages of malignant lumps than women screened between the ages of 40 and 59 in survey years 2001 and 2005, but in 2009 percentages were no longer different. Women screened at age 70 or older reported the highest percentage of malignant lumps; these were significantly higher than woman screened aged 40 to 59 throughout the period under study, but were only statistically different from women screened aged 60 to 69 in 2005 and 2009.
For California women aged 40 and older who reported a screening mammogram in the past 2 years, we calculated the number of women who reported a lumpectomy that turned out to not be cancer for every case of breast cancer. For all ages, about 3.5 women had a lumpectomy that turned out not to be cancer for every lump that was malignant. This ratio decreased with the age at which the woman was screened. For every woman with a lump that turned out to be breast cancer, approximately 8.8 women aged 40 to 49, 7.3 women aged 50 to 59, 3.3 women aged 60 to 69, and 1.7 women 70 years or older had a lumpectomy that turned out to not be cancer. (Exact numbers by year are available from the corresponding author upon request.)
Annual versus Biennial Examinations
Women whose most recent mammogram was 1 year ago or less reported significantly higher rates of non-normal results than women whose examination was 1 to 2 years ago (data not shown) and this difference was observed across each survey year (19%-23% of annual screens reported non-normal results versus 12% to 15% for biennial screens). Percentages of lumpectomies did not differ whether the examination was conducted annually or biennially. Percentages of lumps diagnosed as cancer did not statistically differ between an annual or biennial examination for survey years 2001 and 2009 (the percentage of lumpectomies that were confirmed cancer were 21% to 25% of annual screens versus 17% to 18% for biennial screens). However the percentages were significantly different in survey year 2005, where 24.3% of lumpectomies were malignant for women screened within the last year compared with 6.6% malignant for women screened 1 to 2 years ago.
The second set of results is for women age 40 and over regardless of their screening status. Percentages and confidence intervals for ever had a mammogram, ever had a screening mammogram in past 2 years, non-normal mammograms, lumpectomies and resulting cancer diagnoses among California women 40 and older regardless of screening status are displayed 
Positive Biopsy
The percentages of lumps diagnosed as cancer were low and did not change statistically across years. The percentage of lumps diagnosed as cancer was less than 1% for women aged 40 to 59 and was significantly different from one another and significantly lower than for women aged 60 or older. Cancer percentages did not significantly differ between women aged 60 and 69 and aged 70 or older, except in 2009.
Discussion
This article examines the steps between having a screening mammogram and a breast cancer diagnosis as reported by California women 40 and older. To our knowledge, this is the first quantitative analysis of self-reported non-normal results, followup, and cancer diagnosis after screening mammography for any population of women in the United States. It also may be the first to examine these factors over time using the same crosssectional survey.
The percentage of California women who reported a diagnosis of breast cancer was relatively constant between 2001 and -2009. There was an increase in the percentage of women reporting non-normal results and a decrease in the percentage reporting that they had undergone a lumpectomy. During this same period, the increased percentage of non-normal mammograms is unlikely to be attributable to greater use of Figure 4 . Percentages of women in CHIS with outcomes indicated below; denominator is all women 40 in California, regardless of having a screen; data are weighted to the California population under study. mammography because mammography use was nearly universal (>90%) among women in the high-risk age groups (>50 years). The decrease in lumpectomies may have been attributed to the increase in use of needle biopsies (Williams et al., 2011; Zimmerman et al., 2013) .
Recall rates of 10% for first and 6.7% for subsequent mammograms are recommended targets for breast cancer screening programs (Schell et al., 2007) . In our sample, the percentages of non-normal results exceeded 10% and were 20% to 28% for women aged 50 to 69 years. Moreover, percentages of women with non-normal results significantly increased from 2001 to 2009 for women age 50 and older. A study that compared protocols between the United States and the UK suggested that breast cancer outcomes after mammography were comparable, but US women were two to three times more likely to be recalled after initial screening and were significantly more likely to experience surgical biopsy (Smith-Bindman et al., 2005) . It is possible that clinicians were more likely to recall a woman with a questionable finding in 2009 as compared with 2001; however, the UK and US comparison suggests that rates are simply too high in the United States.
As a society, we may overestimate the risk of being diagnosed and dying from breast cancer, as well as overestimate the benefit of breast cancer screening (Fletcher, 2011; Harris, 2011; Hoffman et al., 2010) . In our analysis based on self-reported data, we found that for every woman with a lump that turned out to be breast cancer, approximately 8.8 women aged 40 to 49, 7.3 women aged 50 to 59, 3.3 women aged 60 to 69, and 1.7 women 70 years or older had a lumpectomy that turned out not to be malignant. This ratio was highest for women screened between ages 40 and 49. Our findings are consistent with registry findings that have led to recommendations to screen women ages 40 to 49 less often or not at all (Kerlikowske, 2012 We also may be getting mammograms too frequently (Elmore & Fletcher, 2012) . Consistent with other studies (Hubbard et al., 2011) , we found that women whose most recent mammogram was a year ago or less reported significantly higher rates of nonnormal results than women whose examination was 1 to 2 years ago and we observed this for each survey year we studied (19%-23% of annual screens reported non-normal results versus 12%-15% for biennial screens).
Limitations
The CHIS is a telephone survey with low response rates. However, low response rates have not resulted in significant nonresponse bias and have not substantially diminished the representativeness of CHIS data (Lee, Brown, Grant, Belin, & Brick, 2009 ). The CHIS does not provide stage of tumor or mortality data. In addition, we cannot confirm that the non-normal results reported were for the participant's most recent mammogram. Women were asked how long ago they had their most recent mammogram. If the woman's mammogram was within the last 2 years, she was asked the main reason for the mammogram: routine examination, because of specific breastproblem or follow-up, or because of family history. She was then asked if she ever had a mammogram where the results were not normal. Although the non-normal question did not specify the most recent mammogram, we assumed that the non-normal result was from her most recent mammogram because, if the respondent had been diagnosed with breast cancer or had a nonnormal result from an earlier screen, we would have expected her to report subsequent mammograms not as routine but because of a breast problem.
Rates of screening mammography are likely overreported (Cronin et al., 2009; Ferrante et al., 2008; McPhee et al., 2002; Rauscher, Johnson, Cho, & Walk, 2008; Zapka et al., 1996) . Mammography rates from the Breast Cancer Surveillance Consortium were selected as the gold standard and compared with self-reported rates in the National Health Interview Survey (NHIS). Self-reported rates were 14 to 27 percentage points higher than actual screening rates across age groups (Cronin et al., 2009 ). However, the CHIS and NHIS are the only population-based data that bridge the continuum from breast cancer screening to cancer diagnosis. The CHIS and NHIS both ask the same question on self-reported mammography screening and these data have been published routinely as population-level data on screening mammography both among small subsamples as well as national data reported by the CDC (Bleyer & Welch, 2012; Bostean, Crespi, & McCarthy, 2013; CDC, 2012; CourtneyLong, Armour, Frammartino, & Miller, 2011; Eberth, Huber, & Rene, 2010; Ponce et al., 2012; Ryu, Crespi, & Maxwell, 2013) . Studies comparing the validity of self-reported mammography with medical records report low incongruences (Bancej, Maxwell, & Snider, 2004) and find that women tend to overreport mammography use, especially racial and ethnic minorities (Ferrante et al., 2008; McPhee et al., 2002; Rauscher et al. 2008; Zapka et al., 1996) . Overreporting of mammography screening is most likely related to telescoping of dates, when women remember the screen as being more recent than it actually was (Rauscher et al., 2008) . In terms of the accuracy of the additional variables analyzed, a study by Zapka et al. (1996) reported that women could report accurately the reason for having the mammography as well as the findings of the screen. We feel confident that women could recall accurately being told they had a non-normal mammogram, lumpectomy, or a cancer diagnosis. Our report of a decrease in the number of lumpectomies may be confounded by the movement of clinical practices away from lumpectomy and toward needle biopsy (Williams et al., 2011; Zimmerman et al., 2013) . However, the CHIS does not ask about needle biopsies, so this information was not captured. This study cannot confirm whether the decrease in lumpectomies is owing to a decrease in procedures overall or a change in techniques.
Our population estimates for breast cancer ranged from 0.2% to 2.5% and are lower than those reported in the California Surveillance, Epidemiology, and End Results (SEER) cancer registries. The California SEER cancer registry estimated the 2012 age-adjusted prevalence of breast cancer at 1.57% of women (NCI, 2012) . We suspect this is because women diagnosed with a later stage cancer or who died as a result of cancer would not have participated in the survey. However, the trends of low and stable breast cancer rates we found using CHIS data are consistent with stable incidence rates for women in SEER cancer registries between 2000 and 2009 (Jemal et al., 2013; Johnson, Chien, & Bleyer, 2013) . Both registry and survey data are needed to accurately capture cancer screening, follow-up procedures, and breast cancer diagnoses to truly understand population screening programs.
Implications for Practice and/or Policy
Our study suggests that survey data offer a reasonable way to bridge data on cancer screening and follow-up in the general population by supporting and confirming previous studies. The USPSTF (2009) found the most effective population strategy is biennial screening for women ages 50 to 74. Our study supports their recommendation by showing that non-normal results were greatest among women screened aged 50 to 69 and least among women aged 40 to 49 and aged 70 and older. Our results add to evidence that screening mammograms for women 40 to 49 may increase their risk of false-positives (USPSTF, 2009) For every woman screened aged 40 to 49 with a malignant lump, almost nine women had a non-cancerous lump removed, highest of all the age groups we studied. Risks of overdiagnosis might be mitigated by raising thresholds for recall and biopsy (Esserman, Thompson, & Reid, 2013) or by initiating cancer screening at an older age (USPSTF, 2009). Our findings also support published findings showing that breast cancer is highest among women ages 70 or older (Kerlikowske et al., 2013) . We found that women screened at age 70 or older reported rates of lumpectomies twice as high as women screened age 40 to 49 but a higher percentage of their lumpectomies turned out to be cancer. Our findings suggest that informed decision making before screening mammograms is needed so that women understand both potential benefits and harms.
